Introduction
============

Pain is a subjective experience that involves an emotional response. To date, many neuroimaging studies have focused on pain processing in the brain by classifying multiple dimensions.[@b1-jpr-11-2161] However, how pain is enhanced in the brain over the long term is not well understood. The sensory aspect of pain is commonly linked to the activation of nociceptors, nerves that signal mechanical, thermal, or chemical insults.[@b2-jpr-11-2161] Nevertheless, most pain clinicians worldwide believe that "Pain can occur without nociception".[@b3-jpr-11-2161] The relationship between the activation of nociceptors and the pain experience is not concordant.[@b4-jpr-11-2161],[@b5-jpr-11-2161] Moreover, recent neuroimaging studies support this belief for patients with chronic pain.[@b6-jpr-11-2161],[@b7-jpr-11-2161] Madden et al[@b3-jpr-11-2161] reported that pain clinicians also believed that pain may be a classically conditioned response to a non-noxious stimulus, despite the scarcity of evidence to support this belief. One potential reason is that classical conditioning and operant conditioning have long been believed to influence the pain experience through the psychological reward pathway.[@b8-jpr-11-2161]--[@b12-jpr-11-2161]

Several procedures based on the classical conditioning or operant conditioning principle have been developed to investigate pain. For example, in laboratory stud ies, authors have reported that verbal reinforcement altered the reports of pain sensitivity to noxious stimulus using the operant paradigm.[@b10-jpr-11-2161]--[@b12-jpr-11-2161] Benedetti et al have recently reported that volunteer subjects who were informed that pain would be beneficial to muscle strengthening were more tolerant to ischemic pain than subjects who were only informed about the aversive nature of the task. They reported that the meaning of pain may change from negative to positive through the co-activation of the opioid and cannabinoid systems.[@b13-jpr-11-2161] However, these experiments were performed on a short-term basis; thus, it remains unclear whether the classical conditioning or operant conditioning paradigms influence changes in the pain threshold in healthy subjects over the long term. Furthermore, previous studies could not estimate the relationship between the degree of reinforcement and the changes in pain sensitivity because reinforcers were often uncountable. In reinforcement learning studies, a monetary reward may often be used as a countable measurement.[@b14-jpr-11-2161] Several studies have indicated that seeking or receiving financial compensation following a motor vehicle collision leads to poorer recovery and worse pain.[@b15-jpr-11-2161],[@b16-jpr-11-2161] Zhou et al[@b17-jpr-11-2161] have reported that handling money diminished the physical pain of immersion in hot water, and moreover, a recent neuroimaging study has implied that monetary reward suppressed anterior insular activity, which involved with physical and social pain.[@b18-jpr-11-2161] These reports imply that financial gain over the long term may enhance pain sensitivities or lead to overt pain behavior and to chronic pain condition. However, there has been no evidence that repeated monetary reward could directly enhance pain sensitivities in normal adults.

Therefore, we aimed to investigate whether pain sensitivity changes over the long term using repeated monetary rewards in an experimental setting. In this study, we designed a paradigm in which the pain rating for a painful stimulus could increase the amount of monetary reward for healthy subjects. This experimental design enabled us to test the hypothesis that pain sensitivity and the amount of payoff, which could estimate the rate of lying, may be enhanced \>3 months if a money reward works as a reinforcer for healthy individuals.

Methods
=======

Subjects
--------

Inclusion criteria were the adults who aged \>20 years, were healthy, and had ability to consent autonomously. Exclusion criteria were as follows: any self-identified pain complaints, skin problem of the hand, a history of chronic pain or neurological problems such as peripheral neuropathy, and previous or current psychiatric diagnosis.

The sample size was estimated by the assumption of changes in the pain rating using a reinforcement protocol, which was reported by Jolliffe and Nicholas.[@b12-jpr-11-2161] They reported that \~10 mm of a 100 mm visual analog scale (VAS) was different between reinforced subjects and nonreinforced subjects; therefore, we assumed that 10 mm changes in the mean VAS score with ±20 SD occurred over this paradigm. Based on this finding, at least 34 subjects were required to detect this assumption with a two-tailed *α* (0.05) and a power *β* (0.8) in the priori analysis. Through subject recruitment with notice boards at colleges located in Aichi, Japan, 40 healthy subjects (25 men and 15 women) volunteered to participate in this study.

All subjects were final-year students in their colleges. The age of the subjects ranged from 21 to 23 years (mean ± SD; 22.45±1.01). The study received ethical approval from the Research Ethics Committee of the Aichi Medical University (2016-M027). All experiments were conducted from November 2016 to February 2017. After being informed of the purpose and protocol of the study, the subjects provided written informed consent prior to participating in the experiment.

Study protocol
--------------

The subjects repeatedly underwent experimental pain testing via mechanical stimuli, psychological questionnaire, and rolling dice. The subjects practiced a battery of measurements once before the experiment. The study was subsequently conducted at the following five time points: baseline, week 1, week 2, week 3, and week 12. Of these sessions, there were three reinforcement session for pain rating from week 1 to week 3. These procedures are shown in [Figure 1](#f1-jpr-11-2161){ref-type="fig"}.

Pain testing
------------

All experiments were conducted in a general room with the room temperature maintained within a range of 25°C--27°C and the humidity levels between 40% and 50%. The experimental pain testing was based on the pain rating for mechanical stimuli.

A self-made von Frey monofilament (VFM) was prepared as a mechanical stimulating device.[@b19-jpr-11-2161] The diameters of the VFMs were 1.5 mm in all filaments, and the length of each monofilament (GCK-60^®^; Mitsubishi Reyon Co., Ltd., Tokyo, Japan) was adjusted to produce a different force (100 and 600 g). The subjects sat in a fixed chair and placed their open right hands on the desk. Each painful stimulus was administered to two points of interdigital sites (second-third and fourth-fifth fingers) of the right hand for 5 seconds with 60 seconds interval for each measurement. A curtain was placed in front of the subjects to prevent them from viewing the stimulating filaments so as not to predict the specific types of VFM administered during the experiment. The subjects were only given information on the site of the stimulus. An experimenter (KH), who applied mechanical stimuli to the subjects, was blinded to both any pain scores and payoff through all sessions. The pain VAS scores were reported every time to another experimenter (YS) whose position was at approximately 5 m distant from stimulating place at immediately after each stimulus. The pain VAS score was determined based on a 100 mm line labeled at the anchor points with "no pain" and "worst possible pain".

Rolling dice procedure
----------------------

[Figure 1](#f1-jpr-11-2161){ref-type="fig"} shows the protocol of this experiment. The rolling dice and payoff procedure were explained to the participants at the beginning of each session. To determine their individual payoff (= reward), the participants were instructed to roll the six-sided dice into a masked stand, which was not monitored by anyone. Prior to the experiments, all participants were informed that the payoff was decided by reporting the number of dice in 50 yen for numbers between 1 and 5, namely 50 yen for 1, 100 yen for 2, 150 yen for 3, 200 yen for 4, 250 yen for 5, and 0 yen for 6. The instructions also explicitly stated that the numbers of dice actually appeared would not be known to the experimenter. Thus, the subjects could easily be dishonest. Lying indicated reporting a different number than the number actually appeared. The participants reported the numbers for each roll of dice to the experimenter (YS) immediately after rolling procedure. It was impossible to detect lying at the individual level. The deceptive report was assumed only that the individual would receive a typically higher payoff than expected value by chance.[@b20-jpr-11-2161],[@b21-jpr-11-2161]

All participants were instructed to roll the dices three times at baseline and week 12. In contrast, from week 1 to week 3, the subjects were only informed that "the subjects who perceived pain stronger than the mean score during the previous session can roll the dices six times and those who perceived pain less than that can roll the dices three times". The determination of "the mean score during the previous session" was kept a secret from the participants. Moreover, the secret determination of the number of times the dice was rolled represented the mean score ratings for the 100 g VFM stimulus at the previous session.

In this experiment, we calculated the theoretical value of payoff for each roll of dice because the numbers of rolling dice were different (three or six) by the participant from week 1 to week 3. The payoff for each roll of dice was calculated as amount of payoff divided by the number of rolling dice for each participant at each session.

Questionnaire
-------------

We simultaneously examined the psychological aspect, which was catastrophizing in the subject every session, because it has been well established to be associated with pain and accordingly a potential covariate to pain sensitivities.

The Japanese version of the Pain Catastrophizing Scale (PCS) was used, which consists of 13 items that range from 0 to 52 and was composed of the following three subscales: rumination (eg, "I keep thinking about how much it hurts"), magnification (eg, "I wonder whether something serious may happen"), and helplessness (eg, "There is nothing I can do to reduce the intensity of the pain").[@b22-jpr-11-2161],[@b23-jpr-11-2161]

Statistical analyses
--------------------

All continuous variables were presented as a mean and standard error (SE). The normality of the distribution was evaluated using the Shapiro--Wilk test for continuous variables. The pain VAS scores and amount of payoff at baseline and those at week 12 were compared using Student's *t*-test. One-way repeated-measures ANOVA were also used to compare the differences in these values across the sessions. The correlations of the pain VAS scores with the PCS scores and payoff for each roll of dice were analyzed using Pearson's test or Spearman's test, depending on the distribution of the data. All analyses were performed using the SPSS software (Version 24.0J; IBM Corporation, Armonk, NY, USA). Differences were considered statistically significant at a level of *P*\<0.05.

Results
=======

There were no significant changes in the pain VAS scores for the stimulus with 100 g VFM (*P*=0.11) and 600 g VFM (*P*=0.67) between baseline and week 12. In contrast, the amount of individual payoff was significantly increased at week 12 than at baseline (*P*=0.02) ([Figure 2](#f2-jpr-11-2161){ref-type="fig"}).

[Table 1](#t1-jpr-11-2161){ref-type="table"} shows the pain VAS scores and payoff for each roll of dice at each session. One-way repeated-measures ANOVA showed that there were no significant differences in the pain VAS scores for the stimulus with 100 g VFM and 600 g VFM as well as the payoff for each rolling of dice through all sessions. However, the payoff for each rolling of dice was approximately chronologically increased through the sessions, which was close to significance (*F*\[4,39\]=2.32, *P*=0.060) ([Table 1](#t1-jpr-11-2161){ref-type="table"}).

In terms of the psychological questionnaire, the PCS scores did not change at any session compared with those of the baseline. The pain VAS scores for both stimuli with 100 g VFM and 600 g VFM were significantly correlated with the PCS score, respectively ([Table 2](#t2-jpr-11-2161){ref-type="table"}).

[Figure 3](#f3-jpr-11-2161){ref-type="fig"} shows the distribution of reporting for the number of dice at each session. As expected, number 5 of dice was most frequently reported in total rolls. However, there were no relationships between the changes in pain sensitivities from baseline to week 12 and the total amount of payoff during the period from baseline to week 3 at the individual level ([Table 3](#t3-jpr-11-2161){ref-type="table"}). Moreover, no relationship was identified between the mean score of the PCS and the amount of payoff.

Discussion
==========

This study examined the hypothesis that pain sensitivity in healthy subjects could be enhanced \>3 months if a monetary reward functioned as reinforcement in an experimental paradigm in which pain experience could increase the monetary reward. Although the amount of payoff significantly increased at week 12 than at baseline, in contrast to our expectation, pain sensitivities were not enhanced through sessions and there were no relationships between changes in pain sensitivities and the amount of payoff.

In this study, if the monetary reward successfully worked as reinforcement, a statistical change was expected to occur in the measurement of pain sensitivity. However, we could not identify changes in pain ratings for mechanical stimuli; thus, it was difficult to conclude whether the pain sensitivity was affected by the money reward in this paradigm. The factors of developing chronic pain include not only peripheral tissue vulnerability but also central pain modulation with neuroplasticity.[@b24-jpr-11-2161],[@b25-jpr-11-2161] Several articles have reported that the pain sensitivity was modulated by positive verbal or monetary reinforcement.[@b10-jpr-11-2161],[@b12-jpr-11-2161],[@b26-jpr-11-2161] Moreover, Fordyce[@b8-jpr-11-2161] indicated financial gain as a potential reinforcer for chronic pain behavior. Therefore, our primary speculation was that pain ratings for noxious stimuli would chronologically increase to gain a preferable outcome because they could roll the dice more times when they showed more intense pain. Contrary to our expectations, the results did not indicate enhancements of pain sensitivities. In the complex biopsychosocial nature of chronic pain after whiplash injury, many believe that compensation does more harm than good, but there is no clear evidence to support an idea that compensation and its related processes lead to worse health.[@b27-jpr-11-2161] Implication of this study is that psychological reward pathway does not always involved with pain perception in normal adults, although this relationship may depend on socioeconomic background of subject. The lack of socioeconomic background of the subjects is one of the limitations in this study.

We need to discuss an inconsistency of our results with previous reports.[@b10-jpr-11-2161],[@b12-jpr-11-2161],[@b26-jpr-11-2161] The potential explanations in terms of the inconsistency are discussed here. First, the magnitude of the reinforcer may be insufficient to affect the pain perception, namely, the frequency and degree of reinforcement. Some authors have suggested that there were an extrinsic reinforcement and an intrinsic reinforcement in the operant paradigm.[@b28-jpr-11-2161],[@b29-jpr-11-2161] In this study, monetary reinforcement as an extrinsic reinforcement, which meant a modality external to the nociceptive pathway was only administered three times for 3 months. Therefore, this frequency may be insufficient to affect pain perception. We also speculated that the amount of monetary reward may not reach out to affect pain reports; in other words, several times more money than the reward in this study may induce overt pain reports or change pain sensitivities. Second, this paradigm required a long interval (1 week) to obtain the next reinforcement compared with previous experiments (eg, long-term sensitization vs short-term sensitization), which was insufficient to affect the pain perception. Third, although the reinforcer in previous studies was automatically given in accordance with a protocol, this study enabled the subjects to get more money by more deceptive reports of the number of dice (eg, 5 5 5) as well as by reporting more intense pain. The amount of payoff appeared to be increased in the latter sessions; however, we did not identify relationships between the amount of payoff and pain experience. It was speculated that there were not many lies when they reported the number of dice in this study. Since the deception estimated by the distribution of reporting the number of dice in this study appeared to be substantially less than that in previous studies,[@b20-jpr-11-2161],[@b21-jpr-11-2161] there may be differences across races or cultures.

In addition to the operant modulation, we investigated the psychological factor of the participants as one potential covariate associated with pain sensitivity. As expected, the pain ratings for both mechanical painful stimuli positively correlated with the PCS scores; however, no relationship was found between PCS score and individual payoff. Furthermore, this study was only conducted in healthy volunteers and not patients with chronic pain. This operant paradigm by monetary reward for long-term pain sensitization may be unsuitable for healthy subjects. Further investigation is required to detect the decisive reinforcer that may enhance the pain sensitivity over the long term even in healthy subjects.

Conclusion
==========

This study examined the hypothesis that pain sensitivity may be enhanced \>3 months if a money reward works as the reinforcer for healthy individuals. Although the amount of payoff was significantly increased at week 12 than at baseline, in contrast to our expectation, pain sensitivities were not enhanced through sessions, and there were no relationships between changes in pain sensitivities and the amount of payoff.

Further investigation is required to detect the decisive reinforcer that may enhance pain sensitivity over the long term even in healthy subjects.
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![Protocol to test the hypothesis that pain sensitivity may be enhanced if a monetary reward is offered as reinforcement.](jpr-11-2161Fig1){#f1-jpr-11-2161}

![Pain VAS scores and amount of individual payoff.\
**Notes:** (**A**) VFM of 100 g, (**B**) VFM of 600 g, and (**C**) amount of individual payoff. Pain VAS scores and the amount of payoff are shown as the mean (SE). \*Compared to baseline: *P*\<0.05.\
**Abbreviations:** SE, standard error; VAS, visual analog scale; VFM, von Frey monofilament*.*](jpr-11-2161Fig2){#f2-jpr-11-2161}

![Distribution of reported number of dice in total rolls.](jpr-11-2161Fig3){#f3-jpr-11-2161}

###### 

Pain VAS scores and payoff for each roll of dice at each session

            Baseline      Week 1        Week 2        Week 3        Week 12       Difference
  --------- ------------- ------------- ------------- ------------- ------------- ------------
  VAS-100   13.3 (1.3)    13.5 (1.4)    11.5 (1.2)    11.6 (1.1)    11.7 (1.1)    *P*=0.13
  VAS-600   47.9 (2.7)    48.0 (2.8)    46.3 (2.7)    49.9 (2.9)    48.8 (2.7)    *P*=0.32
  Payoff    117.9 (8.4)   125.6 (7.0)   138.1 (7.9)   132.1 (5.4)   144.2 (7.7)   *P*=0.06

**Notes:** Values are shown as the mean (SE). One-way repeated-measures ANOVA were used to detect the differences in the values for each measure. VAS-100, VAS for 100 g stimulus; VAS-600, VAS for 600 g stimulus.

**Abbreviations:** SE, standard error; VAS, visual analog scale.

###### 

PCS scores at each session and its correlation with each pain sensitivity

        Baseline                                           Week 1                                             Week 2        Week 3        Week 12
  ----- -------------------------------------------------- -------------------------------------------------- ------------- ------------- -------------
  PCS   17.0 (12.3)                                        16.0 (14.0)                                        17.0 (15.0)   15.5 (15.3)   15.0 (17.5)
        **VAS for 100 g stimulus**                         **VAS for 600 g stimulus**                                                     
  PCS   0.185[a](#tfn4-jpr-11-2161){ref-type="table-fn"}   0.256[b](#tfn5-jpr-11-2161){ref-type="table-fn"}                               

**Notes:** Upper line: PCS scores are shown as mean (SE). Bottom line: correlation coefficient (*r*) between PCS score and each pain sensitivity.

*P*\<0.01 and

*P*\<0.001.

**Abbreviations:** PCS, Pain Catastrophizing Scale; SE, standard error; VAS, visual analog scale.

###### 

Correlation between payoff and change in pain sensitivity

                                          Changes in pain sensitivities between baseline and week 12   
  --------------------------------------- ------------------------------------------------------------ --------
  Total amount of payoff (up to week 3)   −0.131                                                       −0.006

**Notes:** Value: a correlation coefficient. Statistical analysis was conducted using Pearson's correlation or Spearman's correlation, depending on the distribution of data.

**Abbreviation:** VAS, visual analog scale.
